DISCUSSION ON GONIOSCOPY Mr. A. J. B. Goldsmith: Technique andnormal appearances.-It is surprising that gonioscopy as a method of clinical examination is of reputable antiquity, having already achieved its golden jubilee. The first examination of the angle of the anterior chamber was made as long ago as 1898 by Trantas, who, using pressure on the limbus and direct and indirect ophthalmoscopy, was able to obtain views of the angle in about 25 % of cases. Little notice was taken of his observations at the time as the technique was unsatisfactory, but in 1914 Salzmann used keratoconus contact lenses to make the examination easier and to increase the extent of the angle accessible to view. Later still, in 1920, Koeppe devised a special contact lens with which the slit lamp and a monocular microscope could be used, and after the middle 1920s the practice of gonioscopy was enthusiastically pursued and written upon by many ophthalmologists among whom one may mention Troncoso, Castroviejo and Barkan in America, Busacca in South America and Goldmann and Francois in Europe. In this country, essentially conservative as we are in spite of our political complexion, it is only in recent years that even a small proportion of oculists have familiarized themselves with its technique. I think probably so far as glaucoma is concerned we have been right. Gonioscopy does not by any means give all the answers to the cause of glaucoma, nor even as to the best means of treating it. Clinically gonioscopy is of considerable interest in following the course of events in the angle of the anterior chamber in glaucoma, and in examining various pathological conditions such as new growths and foreign bodies in that region. It is perhaps of even greater interest in illuminating the technical faults which may be responsible for the failure of antiglaucomatous operations. On the research side, gonioscopy is providing information which, taken on its own, is quite useless, even fallacious, but which is fitting into our conception of the nature of glaucoma.
In these opening papers I propose to discuss the technique of gonioscopy and the appearance of the normal angle, while Mr. Hobbs will collate the observations which have been made in the glaucoma clinic at the Institute of Ophthalmology, and mention the work of other observers.
Technique.-The earliest observations were made without any special instruments. The use of a deeply curved contact lens made things considerably easier. The angle of the anterior chamber is accessible to direct view either not at all or with much difficulty since the scleral overlap makes direct view from the zenith impossible while the view from the opposite limbal region has to be made so obliquely that the front surface of the iris may well prevent the recess of the angle from being seen. The essential principle of any lens used for gonioscopy is that it shall so modify the optical conditions as to permit of direct observation of the angular recess along a line bisecting the angle between the anterior surface of the iris and the posterior surface of the cornea. Such a lens together with suitabje illuminating and observing systems constitutes the necessary apparatus.
Of the various lenses used Koeppe's type and Troncoso's modification of it are deeply curved glass lenses. The space between the lens and the cornea is filled with normal saline and the patient is best examined lying down with some instrument such as the Troncoso gonioscope in which the illuminating and observing systems are combined. This technique necessitates a peripatetic examination if one wishes to see all parts of the angle. Goldmann's lens, which we use at the Institute, offers considerable advantages. It can be used with the patient sitting up at the slit lamp; any slit lamp serves for examination, the best types being perhaps those with a one-hand manipulation of the controls such as the Haag-Streit or Aimark instruments, as these leave the other hand free to support the gonioscope lens and to rotate it so as to bring all parts of the angle into view.
This lens is easy to use. The patient's eye is ana-sthetized with one drop of 1 % pantocaine solution; the lens is filled with normal saline and inserted between the lids while the patient's head is bent forwards. The avoidance of air bubbles is a matter of practice. Once the lens has been inserted the patient's chin is placed in the chin rest of the slit lamp which has already been adjusted. Speaking as a subject I can say that the examination is entirely free from any discomfort and the only complication we have experienced in the course of several hundred examinations was a minor corneal abrasion. For antisepsis we keep the lenses in between examinations in a I % solution of C.T.A.B., washing them in running tap water before use.
The interpretation of the topography of the angle is easy if one can visualize the normal histology of the region. The main landmarks which form a series of concentric circles are (Fig. 1 *The limits of the angle, so called, are usually taken as on the corneal side, Schwalbe's ring, and on the iris side a point opposite to Schwalbe's ring, a point which sometimes coincides with the most peripherally situated line of contraction folds of the iris, and it is the structures within the angle which are of especial interest in glaucoma. The iris, on the surface of which flecks of pigment may be seen, ends in a slightly wavy line, its ciliary edge. Beyond this, and at a slightly deeper level is a curved band, always darker in colour than the iris and of variable width. This band is formed by the anteromedial surface of the ciliary body as it passes forwards to its insertion in the scleral spur. In blue eyes this band is yellow or orange; in brown eyes it is always darker than the iris itself. In myopic eyes the iris is inserted farther back on the ciliary body so that the ciliary band is wider than in normal or hypermetropic eyes. The ciliary band forms the lateral wall of the angle, which is, therefore, strictly speaking, not an angle at all but a curved recess of variable width.
Immediately cornealwards to the ciliary band is the posterior annular line, which is sometimes visible, but whose presence is usually inferred from its relation to the ciliary body; it represents the scleral spur to which the ciliary body is attached. Schwalbe's ring, which lies some 07 mm. further forwards, may appear to project into the anterior chamber; it represents the end of Descemet's membrane (D, Fig. 1 ) and appears as a quite definite white ring. Between these two rings of the scleral spur and the end of Descemet's membrane lie the corneoscleral trabeculh which appear blue or grey in young eyes, and yellow or light brown in older persons. Schlemm's canal, which I shall return to later, lies under the outer one-third of this trabecular band. Anterior to Schwalbe's ring lies the inner convex dome of the cornea:
The cornea always looks yellowish in optical section and through it can often be seen some of the limbal vessels. Now leaving these concentric rings we turn to other structures. The first of these are the pectinate fibres (PL in Fig. 1 ) of the iris, extensions of the iris irnesoderm which continue beyond its root ovet the ciliary body band and for a variable distance on to the trabecular band. They appear as ridges on the otherwise smooth surface of the ciliary body and their number, size and thickness vary considerably ( peripheral anterior synechiae of the iris; this is usually fairly easy as they are much thinner, are present around most of the circumference of the angle, and never extend farther forwards than Schwalbe's ring.
Next, Schlemm's canal; this is visible only if it contains blood when it appears as an ill-defined pink streak lying under the outer third of the trabecular band ( Fig. 3 standard Goldmann lens it is only rarely visible, but Mr. Hobbs has made a modification of this lens in which a flange exerts a pressure on the episcleral tissues some 4 to 5 mm. from the limbus producing venous congestion.
With this lens we have examined the eyes of twelve normal subjects whose ages range from 25 to 67, and have seen the canal fill with blood, partially or completely, in all cases. Blood appears when the goniolens is applied with light pressure, and firmer pressure causes the canal to blanch, an effect which could also be produced by withdrawing the lens gently against the suction with which it adheres to the globe. Congestion of the episcleral tissues is apparent from the ring of cedematous conjunctiva seen on removing the instrument; this subsides in ten to twenty minutes. In some cases further evidence of a rapid return to normality could be seen in the early restratification of previously noted aqueous veins. It was felt therefore that the danger of producing congestion dangerous to glaucomatous eyes was slight, and tonometry before and after examination supports this view; a maximal rise of 6 mm. Schiotz was seen in one patient only, the majority showing an alteration, plus or minus, of less than 2 mm.
The entry of blood into the canal in normal eyes appears therefore to depend on the relative intra-ocular and episcleral venous pressures, and it seems from recent work at the Institute that the same factor operates in glaucoma and that there is no evidence of a blockage between the canal of Schlemm and the aqueous veins.
We have, in a few patients, seen a reflux of blood from the filled canal of Schlemm into the anterior chamber. This blood has appeared at one or more points, usually at the upper part of the angle, slowly trickling down over the surface of the iris. This observation may link up with the canals of Sonderman which have been described in recent years, but we have not seen it sufficiently often to draw any conclusions, nor, so far, have we had the opportunity of repeating the observations in the same patients.
Pigmentation of the angle.-The trabecular band is darker in colour in older subjects. This pigmentation, which may be marked in young patients after an attack of iridocyclitis, appears in general to be related to the age of the subject. It is always more marked below, probably owing to the action of gravity, and the pigment is derived from the breakdown of pigmented epithelial cells and chromatophores. It has been argued that the deposit of pigment in the trabecular spaces is one of the causes of glaucoma, but this is quite definitely not the case and pigmentation is not more marked in glaucoma than in normal subjects of the same age group. Occasionally the deposit is so dense as to make it impossible to see whether or not Schlemm's canal contains blood.
Next I should like to consider the normal physiological variations. The widest angles are seen in cases of aphakia, particularly after intracapsular extraction, and it is in these cases that the various structures of the angle are most easily seen. The angle is wider in myopic than in normal eyes, while in hypermetropic eyes, particularly those with small cornea and shallow anterior chambers (the type of eye liable to attacks of subacute glaucoma) the angle is often so narrow that it is impossible to see the structure within its recess, and even, in some cases, to be certain whether or not peripheral anterior synechik are present.
The effect of drugs on the angle may be studied by gonioscopy. It is perhaps surprising that the effect of miotics is to narrow the angle as, under the action of miotics, and also with accommodation, the ciliary body is displaced forwards, rotating as it werejround its attachment to the ciliary spur. Conversely with atropine, the angle becomes wide the ciliary body retracting backwards and rotating outwards. These findings may appear incompatible with the known tendency of mydriatics to cause increased tension in certain eyes, particularly those with shallow anterior chambers. I believe that the explanation of this antinomy is that, in this type of eye, even although the sinus itself may be widened by the action of a mydriatic, the bunched-up mesoderm of the iris, when the pupil is dilated, becomes apposed to the posterior corneal surface, and blocks access to the angular sinus 4an therefore to the trabecular spaces. It is in this type of eye, subject to attacks of subacute glauicoma with haloes and slight pain, that the use of miotics is an efficient prophylactic, often preventing the occurrence of attacks for many years, and it is in this type of case that the purely mechanical effect of eserine in contracting the pupil affords an adequate explanation of its good effect-if the iris is stretched, it cannot block up access to the angle.
In other cases the action of eserine, if any, in lowering tension is probably due more to its effect on the capillary circulation, and on the descending pressure gradient arterioles-capillaries<aqueau venules v ( intraqeocus al of Schlemm -aqueous veins-episcleral veins than to its effect in contracting the pupils and affecting the permeability of the trabecule.
Finally, I think there are no signs in the angle which will help to establish the diagnosis of glaucoma in an early doubtful case. In most cases of non-congestive glaucoma the angle shows no definitely abnormal changes; pigmentation is normal with advancing age, and even in capsular exfoliation it is quite impossible to say from the amount of capsular debris deposited in the angle what the intra-ocular pressure is likely to be. In cases with shallow chambers and narrow angles one can assoss what degree of embarrassment of the angle is likely to be caused by dilating the pupil, but I do not think one can assess what is the patient's liability to attacks of acute or subacute glaucoma, nor how long he is likely to be controlled by miotics. Peripheral anterior synechie of the iris may develop after attacks of iritis, or in iridoschisis, and if extensive they may result in a rise of intra-ocular pressure, but here again it is quite impossible to say, for example, that if 50 or 75% of the angle is blocked, the tension will be raised, since after cyclitis the tension may be raised in the absence of synechiae and may be normal even when the greater part of the angle is occluded.
If peripheral anterior synechie are seen in cases of primary glaucoma, they are evidence of previous congestive attacks, or an operation.
(For References see p. 1024)
Mr. H. E. Hobbs: Clinical observations.-It must be evident at once that, in so far as gonioscopy offers greater ease in visualizing the angle of the anterior chamber in vivo, its scope must cover the whole range of disease affecting this part of the eye. In a few of these lesions the examination has been able to provide information which may be said to be new, in the sense that it has not been available, in vivo, by other methods of examination. In the main, however, gonioscopy offers an amplification of detail and a more complete visualization of appearances which are already, to a large extent, familiar.
Foreign bodies in the chamber angle, especially glass ones, provide an example, since in these cases, although there may be a strong suspicion of their presence from the history of injury, the detection of a scar involving the whole thickness of the cornea and recurrent attacks of irritation of the eye, the foreign body may not be able to be seen by direct inspection. I have recently seen such a case, an air-raid casualty, in whose left eye the presence of a piece of glass in the anterior chamber had been suspected but not definitely located until lately. Iris tumours.-The tangential view afforded by the gonioscope in many cases enables one to decide with more certainty whether or not the pigmented area seen on direct inspection forms a nodule raised from the surface of the iris, and how far it extends into the angle. Its proximity to the landmarks of the angle, seen gonioscopically, enable one to assess its progress. Troncoso's illustrations ( Figs. 2A and B) show these points well.
Troncoso provides, in his monograph on gonioscopy (1947), a comprehensive review of the scope of the method in assessing the extent and complications of injuries, inflammations and congenital abnormalities at the iridocorneal angle and perhaps the most important of these last arises in the condition of buphthalmos.
Glaucoma.-In glaucoma the detail of the angle has been carefully scrutinized, and as a result of such examinations, again, some new facts have been reported and much has appeared in confirmation of previous clinical impressions. In consequence, new theories have been put forward concerning which agreement is not, as yet, unanimous.
In the inspection of the chamber angle with the gonioscope an estimate of its breadth may be made. Angles classified as narrow are found to be almost constantly associated with congestive attacks, a finding which appears merely to confirm the general impression that this type of glaucoma is found commonly with a shallow anterior chamber. It is of interest, however, to recall the findings of Gradle and Sugar (1940) in a series of cases in which they compared the acuity of the angle with the depth of the anterior chamber. They found that although the occurrence of a shallow anterior chamber in association with a narrow angle is usual it is by no means constant and state that they regard the appearance of the angle rather than the depth of the anterior chamber as the important factor in determining the onset of congestive attacks. I have myself seen shallow angles in one or two patients, subject to congestive attacks, in whom the depth of the anterior chamber, confirmed by measurement with the Zeiss slit-lamp microscope and Ulbrich drum, appeared of medium or normal depth, and this association is clearly one to be borne in mind in seeking an explanation of the congestive attacks in such cases. The findings in 85 cases of primary glaucoma examined at the Institute of Ophthalmology may be of interest in this connexion. Of these 45 were regarded, from the presence of cupping of the disc and characteristic field changes, as examples of chronic simple glaucoma; 10 showed these signs, but gave as well a history of minor congestive attacks and 30 were of the congestive type. My colleague, Mr Here there is evident a very great preponderance of narrow angles in Group 3; the majority of Group I show medium or broad angles, although there are here 5 cases with narrow angles and it is tempting to relate these to Group 2 in which there is only one case with a broad angle, and to suggest that it is the-possibly chance-occurrence of a narrow angle in these cases which has encouraged the onset of the congestive attacks in Group 2, and may yet do so in the narrow-angle cases of Group 1. Where the angle is shown as obliterated, peripheral anterior synechim were so extensive as to make an estimate of its breadth impossible, and in all of them an operation had been performed, so that one can hardly relate this state of the angle to the type of glaucoma alone.
Closure of the angle by the apposition of the iris is clearly more likely when the angle is narrow; however, that the formation of adhesions between the root of the iris and the corneoscleral trabecula is the result rather than the cause of glaucoma was first observed by Salzmann in 1915 in a case of secondary glaucoma and Troncoso later emphasized repeatedly (1925, 1933, 1935) that the same is true in all types of glaucoma. Peripheral anterior synechim are recognized fairly easily when the landmarks of the angle can be identified and are seen as adhesions between the iris and the trabecula or cornea forming its outer wall. When they are of limited extent there is little doubt of their presence; but when, as frequently occurs, they occupy a large part of the field, and especially when the angle is very narrow, the distinction between firm synechiae and iris merely apposed or apparently apposed to the outer wall of the angle is more difficult. Here the advantages of a binocular technique, employing a slit-lamp microscope, are of the greatest value; the contour of the narrow beam, seen stereoscopically, permits one to make a decision in most cases and a further feature of value in extensive synechive is the appearance at the point of adhesion of a fine line of pigment which appears to be that of the posterior iris layer.
Among the 40 cases from the Glaucoma Clinic in which congestive attacks had occurred were 36 affected eyes which had responded to medical treatment alone, 32 of these 36 eyes had been subject to minor congestive attacks for periods varying from five months to six years and in one only were synechih seen, covering 5 % of the angle. In two other eyes narrowness of the angle made a definite decision impossible. The remaining two eyes had both had acute congestive attacks treated by intensive miotics and neither showed synechie.
It is of course difficult to assess the severity of the congestive attacks in these patients; but in all of the cases they had evidently been of sufficient severity to warrant the regular use of miotics which had dispelled the pain, misty vision or haloes which characterized the attack. The very low incidence of synechie among them, including the two instances in which intensive miotics were necessary to control the attack, is therefore, I feel, striking confirmation of the views of Salzmann and Troncoso.
It seems reasonable, therefore, to recognize, as many ophthalmic surgeons in the United States, on the Continent and in this country do, a so-called narrow-angle type of glaucoma in which the form of the angle is itself an important factor in determining the onset of a congestive attack, and encourages the formation of adhesions between iris and cornea.
The degree to which these adhesions become permanent and form a serious hindrance to the aqueous outflow has been suggested by Sugar (1941b) to depend on the duration of the attack; and the tendency of the eye to develop a subsequent chronic increase in tension upon their extent. According to this view, therefore, although adhesions of the iris root to the trabecula cannot be admitted as the primary cause of congestive glaucoma, their presence over a considerable extent of the angle prevents a return to normal conditions. Barkan (1938) stated that glaucoma appears to be due, in the majority ofcases, to mechanical obstruction of the intra-ocular fluid at some point in its course. He contrasted with the narrowangle type of the disease (in which he believed the obstruction to be caused by iris adhesions) that type with a deep chamber, where blockage occurred from closure of trabecular pores, either by the deposition on the trabecular surface of pigment, or by sclerosis of the trabecula itself. This latter was to be recognized gonioscopically by a porcelain-like appearance of the trabecula. This conception of a mechanical cause of simple glaucoma has, naturally, focused attention upon the appearance of the trabecula in this form of the disease, the result of which has been a sharp division of opinion. Confirmation for Barkan's view appeared principally from Goldmann's Clinic in Berne (Bangerter and Goldmann, 1941) where evidence of trabecular abnormality as "felting" or pigmentation has been recognized with certainty in some 55 % of cases and similar, but less conclusive appearances in a further 30%. Other observers (Sugar, 1940; Busacca, 1945; Fran9ois, 1948 ; and others) have been unable to find characteristic trabecular changes in simple glaucoma. However, the fact that most have been able to see the canal of Schlemm fill with blood during gonioscopy in a large proportion of normal eyes, but in only a very small proportion of those with simple glaucoma, has appeared to strengthen the case for a mechanical block at the angle, Trantas (1928) , for example, found this absence to be so constant that by observation of blood he excluded the condition, and Francois, who finds no other gonioscopic sign pathognomonic, considers that the permanent and constant absence of blood from the canal in chronic simple glaucoma is the sole certain.fact to be elicited from gonioscopic examination. In routine examination of the patients attending the Glaucoma Clinic at the Institute of Ophthalmology it has not been possible to identify a difference in surface appearance which appeared with any constancy among the cases in which the trabecula could be seen.
Considerable differences of pigmentation have been noted, some cases showing little or none (and among them are several whose duration is known to be considerable) and others, including some in which the diagnosis has only recently been made, showing dense pigmentation amounting at times to a discrete line of pigment limited to the region of Schlemm's canal.
Blood was noted to appear in the region of Schlemm's canal, during gonioscopy, in 4 of the early cases examined and, in view of the pronounced differences noted in the fit of the gonioprism, pressure upon the post-limbal veins-greater in eyes in which the fit was scleral than in those in which the contact was primarily corneal-seemed likely to be a factor responsible for the appearance or non-appearance of the phenomenon. It was felt, therefore, that the use of a gonioprism in which the fit could be said to be more constantly scleral might result in a greater proportion of cases showing blood filling of the canal. A simple modification of the gonioprism was therefore made by Hamblin who added to the scleral surface of its posterior lip a narrow rim of perspex.
In the 26 glaucomatous patients subsequently examined with this modified gonioprism blood filling of Schlemm's canal could be seen more frequently. Pigmentation of the trabecula was encountered in varying degree, and in some cases obscured the colour change associated with the entry of blood. Thus in 3 instances definite appearance of bldod was seen in nonpigmented sectors only; in 4 there was a change of hue suggestive of blood and in 5 others, more densely pigmented, no such change was seen. In chronic simple glaucoma, I should like to emphasize 3 points: First: The failure to confirm Barkan's or Goldmann's observations of a trabecular surface appearance characteristic of glaucoma.
The difficulties of recognizing at the trabecular surface, under the magnification possible in gonioscopic examination, an appearance characteristic of an insidious condition such as sclerosis must clearly be great. Nevertheless, since these cases in which it was sought included a number in which the condition was of long standing, it was to be expected that a proportion of them at least would have shown a distinct vatiation from the normal and from early glaucoma cases. The failure to observe such an appearance would seem to provide reasonable evidence against its existence as an important factor in chronic simple glaucoma, and confirms the findings of Sugar, Busacca, Francois and others.
Second: Pigmentation of the trabecula does not appear to be a necessary concomitant of glaucoma, since it was absent in several advanced cases, and marked in some with only early signs.
Third: Under suitable conditions, blood can be seen to enter the canal of Schlemm in a sufficien-ly high proportion of cases of chronic simple glaucoma to cast doubt upon the value of the evidence which its absence has been thought to provide of obstruction at this point. One may usefully add, I feel, that in so far as transparency of the trabecula is necessary to the observation of blood in the canal, its appearance in these cases excludes the opacification which would reasonably be expected to accompany sclerosis of the trabecula. There is, therefore, confirmation for Busacca's observation (1945) that, in chronic simple glaucoma, the trabecula preserves its normal transparency.
Post-operative Gonioscopy.-The surgical measures employed at the angle of the anterior chamber produce, in most cases, alterations in the gonioscopic picture which can be readily identified, and, since purely mechanical explanations can frequently be related to the success or failure of operations, gonioscopy has proved of considerable value in the early detection of postoperative complications and in interpreting the mode of action of various types of operation.
Iridectomy has been generally believed to achieve its success by reopening the irido-corneal angle which has been closed by tle apposition of iris to cornea. Troncoso (1925, 1933, 1935) , however, found that the extent of the reopening of the angle bore little or no relation to the clinical success of the operation, Tension, he found, may remain normal in the presence of persistent, total peripheral anterior synechia, including a persistent iris stump in the coloboma, and this when no external evidence of filtration is to be seen. This view has since been confirmed by other observers, notably Sugar (1940) who suggested, however, that small openings in the iris might exist and be responsible for adequate drainage even though they were not gonioscopically visible.
I have, from the notes of the Institute, summarized the findings in 6 cases of acute congestive glaucoma in whom an iridectomy was necessary to control the tension. [n this small group no correspondence exists between the degree of closure of the angle by peripheral anterior synechia and the clinical result; and, if it were presumed that the illeffects of closure of the angle in this way become apparent only after some time, Case 0081 provides good evidence to the contrary.
These examples clearly support Troncoso's contention that the synechiae are the result rather than the cause of the hypertension, and suggest that when this cause, whatever it may be, has ceased to act, spontaneously or as the result of surgical or medical treatment, the eye may regain its normal function irrespective of the presence of the synechiae seen gonioscopically. fn this connexion it is of interest to recall the Doyne Memorial Lecture in which Goldmann (1949) described his surprise in observing a normally stratified aqueous vein in an eye recovered from an acute congestive attack and in which the angle was obliterated by total synechie, suggesting that, although the angle was apparently closed, aqueous humour continued to pass into Schlemm's canal and find its way to the aqueous veins.
Permeability of the iris forming the synechiae may well be the explanation, as Sugar suggested, and a rather unusual case which I have examined recently may throw a little more light upon the problem. The illustration (Fig. 3) was made from the eye of a young woman in whom glaucoma was first diagnosed at the age of 7. She is clinically a case of juvenile glaucoma and her only eye shows a deeply cupped disc, very restricted field and visual acuity of 6/18 now, at the age of 37. The iris of the eye is very atrophic with clefts of the anterior layer and stroma of which a good example is shown in the painting (A) of the direct view, where the iris surface will be seen to resemble closely that seen in iridoschisis. With the gonioscope the angle is seen (B) to be deep and widely open in its nasal half; but, on the temporal side, it is obscured by wide corneal synechia continuous with the iris surface and appearing as though there had been a peripheral retraction of the anterior layer. The gonioscopic picture here shows the edge of the synechia which is evidently, under stereoscopic vision, bridging, but not blocking, the angle. This type of finding may well assist in explaining how continued drainage is possible in the presence of an angle obscured by synechia. In this instance free trabeculk may well remain under the adhesions and, even if the angle were completely obscured in this way, it seems not unreasonable to suppose an iris as atrophic as this to be fairly permeable to aqueous. After trephine operations the condition of the angle as a whole, and not simply the operation site, may be largely altered-a fact which may be of importance if secondary surgery has later to be undertaken. Angles which had been completely open before trephining were first found to be closed after operation by Werner in 1932 and McLean and Sugar (1940) have made similar observations. This closure is generally attributed to the formation of synechie during the immediate post-operative period when the anterior chamber is collapsed and for this reason the practice of refilling the anterior chamber with air before the patient leaves the table is practised by some surgeons. Obvious and well-recognized causes of the operation failing to provide drainage are readily seen with the gonioscope in many of the cases in which they occur as obstruction of the trephine hole by iris, ciliary processes or lens. Although retroplacement of the trephine hole often makes examination of it impossible, since the accompanying angle is frequently shallow, its position among the ciliary processes can be verified in some cases.
The gonioscopy findings after 36 trephine operations, chosen at random, but obviously selected, if only from their mode of reference to the Institute, serve to illustrate the frequency of these occurrences. Closure of the angle by 50%-100% synechin was seen in 24 cases, by 20%-50% in 2 cases, 5 %-20% in 6, and in 4 only were no synechie observed. The trephine was seen to be patent in 16 cases, with an adherent stump in 4 of them. In 13 it was blocked or largely blocked by prolapsed iris (5), ciliary processes (6) or lens capsule (2). Two trephines were seen, retroplaced, among the ciliary processes and 5 were not visible.
Whilst adhesions of the pillars of the coloboma or root of the iris do not, in some of the cases seen, appear to obstruct the trephine to any great degree it is perhaps significant that in partial obstruction of the trephine by iris or ciliary processes the tissue involved has the appearance of being drawn rather than pushed up into the trephine-hole, leaving, for example, the free ciliary processes in their normal position, an appearance as though the aqueous current draining through this exit tended to sweep the tissue farther into the trephine-hole. In Fig. 5 is shown the appearance in an eye trephined some ten and a half years ago. The lens capsule has the appearance of being drawn up into the trephine-hole, and I have myself seen an increase in opacification of it and the lens periphery between two examinations at an interval of a month or so. The interval since operation is so long here that it must surely exclude direct operative damage to the lens; and it is tempting to suppose that the condition began with herniation of ciliary processes, followed by suspensory ligament and has now had this effect on the lens capsule.
. Fig. 6 shows the appearance of the angle at the operation site in a patient in whom a first trephine controlled tension for a period of four years, after which time a second trephine became necessary. The earlier trephine hole is almnost entirely obscured by adherent iri's, and the second partly so by ciliary processes, although the patient is clinically stabilized. Heine's (1905) contention when he introduced cyclodialysis was that the operation succeeded in controlling tension by providing a new channel between the anterior chamber and the suprachoroidal space rather than by producing a localized ciliary atrophy from the vascular damage of the operation, as was suggested later, notably by Krauss (1908) and Salus (1920) . Heine's original view, corroborated by histology, has been further confirmed by gonioscopy. Numerous observers, Vannus (1935) , Barkan (1936) and Sugar (1940) , to name three, have observed with the gonioscope that there exists after cyclodialysis a cleft between the ciliary body and the posterior annular line in the region of the intervention and the patency of this determines the success of the operation, since, according to Sugar, in unsuccessful cases it is found to be blocked, usually by organized blood clot. I have been able to examine only one eye on which cyclodialysis had been successfully performed and in this I was able to see the cleft.
In iridencleisis operations, as Troncoso (1947) points out, the nature of the operation makes the observation of the inner opening of the scleral wound difficult and the fact that the iris is drawn forward and upward to it in the cases I have examined has caused the iris to obscure much of the upper part of the angle. Sugar (1942) , however, has reported an appearance of visible separation of the lips of the wound in 79 % of successful cases and finds that, in a large proportion of them, most of the gap is entirely free of uveal tissue. The fact that the anterior chamber reforms rapidly after the operation is probably associated with a reduced tendency for peripheral anterior synechike to form, according to Troncoso and, certainly in three eyes which I have examined after this operation the maximum percentage of synechia was estimated to be five.
In the few cases of Preziosi's operation I have examined, the region of the cautery puncture has been clearly visible, usually with iris adherent to it, either at the posterior lip or appearing as a tubular adhesion around the circumference. Synechire are remarkably few, as is shown in Fig. 7 in which the pigmented trabecula is visible throughout the fields, and I understand that in this operation also, reformation of the anterior chamber usually occurs early.
The utility of gonioscopic examinations will doubtless increase. Its value as far as treatment is concerned is a personal one showing clearly the results of one's own interventions against the background of one's experience of the individual operation, rather than in a general review such as this, made in ignorance of the actual operative details. It may help, as Sugar (1941a) and Kronfeld and McGarry (1944) have contended, to assess the danger of a congestive attack by demonstrating the degree of embarrassment of the angle by synechia or moderate mydriasis with drugs; and, as American writers have suggested, pre-operative knowledge of the site of synechiae may, by enabling them to be avoided in subsequent surgery, render this easier and freer from hiemorrhage. the typical appearance so that the picture was actually only drawn from hearsay. It was, however, a fairly good representation of the angle in a typical case of hydrophthalmia. The white band at the root of the iris covering the usual details of the trabecular zone and the ciliary band, had been present in all the hydrophthalmic angles he had examined in babies. In a patient of 27 who had achieved a spontaneous cure the angle was particularly interesting. In the left eye the angle was closed by a white substance and there was no sign of the ciliary body at all, but in the right eye (which had 6/18 vision) the angle was quite well open although the ciliary body appeared to be covered by a sort of thin veil. It looked as if spontaneous cure was achieved by the stretching of the material until it became permeable and allowed the aqueous to drain normally.
-.-<W~~~~~~a 'W oi FIG. 1. It was this band -of embryonic tissue which was considered to be the cause of most cases of hydrophthalmia by, among others, Barkan and Ringland Anderson, and it was this band which the operation of goniotomy was designed to divide. The details of the operation were fully described by Barkan in the British Journal of Ophthalmology, 1948, 32, 701, but it was interesting to record that operations with a similar aim, although they might not have been based upon such an accurate knowledge of the pathological anatomy of this condition, were employed by de Wecker in 1869 and de Vincentiis in 1893.
His own experience of goniotomy ran to 9 cases, to which might be added 4 which Mr. Harold Ridley kindly allowed him to quote. He followed Barkan's technique as far as possible, but he found that a modified Saunders' needle, ground down so that the blade was thinner than the shaft, was easier to use than Barkan's knife. He also found Barkan's operating contact lens so big as to fill up the whole conjunctival sac. He therefore got Hamblin to make a much smaller contact lens which was very easy to manage: it did not give much magnification but with it and a binocular loupe one could see sufficiently into the angle to put one's knife there. Actually he had only used it once for operation but quite often for looking at the angle. The number of cases in which one could use a contact lens was not very large.
His own 9 cases supported Barkan's observation that goniotomy was only likely to succeed in early cases where the cornea was not greatly enlarged or altered, and that it was no use trying it when the cornea was larger than 14 mm. Out of the total of 13 cases (23 eyes), 6 (9 eyes) or 46 % might be considered to be definitely successful so far; 2 cases were definite failures, the remainder being either partially successful or doubtfully attributable to goniotomy. In the successful cases sometimes two or three goniotomies were necessary, sometimes only one; in all his own successful cases the history was six weeks or less and in 4 the corneal diameter was not more than 13 5 mm.
There were two-important and obvious criticisms to be made; the first was that almost any operation had a good chance of success in the early and mild cases. None, however, was so cosmetically perfect or injured the eye so slightly; there was a risk of hemorrhage but if one was careful and did not try to do too much of the angle at a time this risk was slight.
The other criticism was the length of follow-up. His cases had all been followed up for about two years now and they had all been all right so far, but the most critical period he thought would come round about puberty. One found so many cases in which, although a spontaneous arrest or an apparent operative cure was effective for the first nine or ten years, during the teens drainage ceased, tension went up and vision deteriorated. Then, therefore, would be the time when goniotomy would be tested.
Dr. M. Klein said that he would like to draw attention to the difference between high magnification and low-power magnification gonioscopy, in which a Troncoso gonio-lens, a headloupe and a good focal light are used. With this method patients could be examined in the outpatient department as it took only a few minutes. The cases in which he had found it useful were such as those described by Mr. Hobbs, for example foreign bodies in the angle of the anterior chamber. In a case of iris sarcoma which he saw at Mr. Wolff's clinic with this gonioscope one could see how far back it went, and this helped to arrive at the decision that the tumour could be removed by iridectomy. Low magnification gonioscopy was not suitable for research purposes but it was a great help clinically in suitable cases and should be included in the routine equipment of the ophthalmologist.
Hereditary Bilateral Ptosis and Blepharophimosis Associated with other Developmental
Abnormalities of the Outer Eye.-M. KLEIN, M.D. In a 3-year-old boy ptosis, epicanthus, blepharophimosis, dystopia of the lower lacrimal puncta and hypoplasia of the caruncles were noted. The levators and superior recti were also involved.
Vision of the right eye 6/12, of the left eye 6/6. There is no appreciable refractive error. Ocular movements show limitation of upward movement but there is no vertical deviation. Fusion is good with an amplitude of approximately from -2 degrees to +20 degrees.
The lids cover the upper third of the pupil. Levator action is absent, and though the upper lid is soft one can feel that the levator-tarsal layer is fibrotic. In the father, who has the same condition, this thickening and fibrotic change in the upper lid is even more marked. The ptosis is associated with blepharophimosis, and in such a case it has been suggested that the shape of the palpebral fissure is responsible for the ptosis, and operation should aim at enlargement of the palpebral fissure.
The dystopia of the lower lacrimal puncta, the hypoplasia of the caruncles, the epicanthus, and the wide opening of the two inner canthi correspond, according to. Waardenburg (1930, 1932) , to conditions found at the foetal age of 8 to 10 weeks, and he assumes that this stage of development becomes fixed. The absence of levator action and involvement of both
